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We describe PEPSI (PolarizedElectron Proton ScatteringInteractions)a Monte Carlo program for polarized deep
inelastic leptoproductionmediated by electromagneticinteraction,and explainhow to use it. Thecode is a modificationof
the LEPTO 4.3 Lund Monte Carlo for unpolarizedscattering.The hard virtual gamma—partonscatteringis generated
according to the polarization-dependentQCD cross-sectionof the first order in a~.PEPSI requires the standard
polarization-independentJETSETroutinesto simulate the fragmentationinto final hadrons.

PROGRAM SUMMARY

Title ofprogram: PEPSIversion 1.1 RISC under UNIX.

Cataloguenumber:ACJF Programminglanguageused: FORTRAN 77

Program obtainable from: CPC Program Library, Queen’s Memoryrequiredto executewith typicaldata: 57000words
Universityof Belfast, N. Ireland (seeapplicationform in this
issue) No. of bits in a word: 32

Licensingprovisions:none No. of lines in distributedprogram, including test data, etc.:
2950

Computer:anycomputerwith FORTRAN 77 compiler(RISC
DEC station, VAX, ...); the programhas been testedon Keywords: perturbative quantum chromodynamics(QCD),

QCD improved parton model, polarized deep inelasticscat-
tering, structurefunctions,crosssections
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Centre,Bartycka18, PL-00-716, Warsaw,Poland. determine the spin distributions of partons inside such
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targets. Like the momentum distribution determined by Restrictionson the complexityof theproblem
unpolarizeddeep inelasticscattering,thepartonic spin distri- At present only processesmediated by the virtual -y * cx-
butions contain an important dynamical information which changeareimplemented.It restrictsthe scopeof the code to
strongly influenceour understandingof thenucleonstructure, the kinematic domain whereeffects due to weak interactions
and hence of non-perturbativequantum chromodynamics. can be neglected.
The surprising result of a recent EMC experiment[1] has A possiblepolarization-dependenceof the fragmentation
stimulated strong theoretical and experimental efforts to functions is not taken into account.It meansthat e.g. the
further investigatethe problemof the spin structureof the asymmetries in the semi-inclusive spectra can be reliably
nucleon. In the caseof these investigationsit has become simulatedfor spinlessparticlesonly.Also, theQ2 dependence
clear that additional experimentalinformation is neededto of the polarized parton distributions is not included and
interpret thedataunambiguously[2,3].Thepresentdocument therefore care has to be taken when simulating a DIS
containsa descriptionof a Monte Carlo programcreatedto experimentin a wide Q2 range.
simulate these experiments and polarized deep inelastic
scatteringin general. Typical running time

Generationof a completeeventtakesapproximately0.11 s on
Methodof solution a RISC DEC station3100.
Theexisting Monte Carlo programLEPTO4.3 [4] simulation
in unpolarized deep inelastic scattering (DIS) has been References
modified to include polarization.The relevantcross-sections [1] EMC collaboration,J. Ashman et al., Phys. Lett. B 206
for hard QCD processesmediated by the virtual photon (1988)364; NucI. Phys.B 328 (1989) 1.
exchangehavebeencalculatedandincluded in theprocedure [2] R.L. Jaffe, Colloq.Phys.C 6 (1990) 149.
which generatesthe probabilitiesof various eventsand their [3] L.L. Frankfurt et al., Phys.Lett. B 230 (1989) 141.
kinematics. The subsequentfragmentation into hadrons is [4] G. Ingelman, LEPTO version 4.3, CERN programpool
performed using the standard JETSET 6.3 fragmentation long write-up, programW5045(1986).
code [5]. For user’s convenience,three unitary sets of [5] T. Sjöstrand,Comput.Phys.Commun.39 (1986) 347.
unpolarizedandpolarizedparton distributionsare provided. [6] V.W. Hughes and J. Kuti, Ann. Rev. NucI. Part. Sd. 33

(1983) 611.

LONG WRITE-UP

1. Introduction [2,3] andexperimental[8] efforts to further inves-
tigate the problem of the spin structureof the

Deep inelasticscattering(DIS) of leptonsand nucleon.
nucleonsoffers the most sensitiveway to obtain The presentdocumentcontains a description
the internalstructureof nucleons.The scattering of a Monte Carlo program createdto simulate
of unpolarizedparticlesdependsonly on the mo- polarized DIS experiment.The code has been
mentumdistribution of variouspartonsinside the written on the basisof the existingLUND Monte
target.If the projectileandtargetareboth longi- Carlo LEPTO version 4.3 [41which simulates
tudinally polarized one is also sensitive to the unpolarizedDIS off an unpolarizedtarget. We
spin distribution of partonswhich entersvia the are presentlyworking on the implementationof
polarizedstructurefunction g

1(x). A generalin- polarizationinto LEPTO version5.2.
troduction into the subject can be found e.g. in The implementationof polarizationcomprised
ref. [6]. Like the momentumdistribution meas- the following steps:
ured in unpolarized DIS, the spin distribution
[1,7] contains important dynamical information (1) The relevanthard QCD processes,i.e. the
which strongly influences our understandingof direct virtual -y * + q —~ q processas well as the
the internal nucleon structure, and hence of ~ + q —‘ q + g and ~ + g —~ q + ~j were calcu-
non-perturbativequantumchromodynamics.The latedup to the tyY(a5) order in QCD with effects
surprisingly low upper limit for the total spin dueto the longitudinalpartonpolarizationtaken
carriedby quarks obtained in the recent EMC into account. The contribution from weak Z°
experiment[1] has stimulatedstrong theoretical exchangehas not beenincluded.
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(2) The set of unpolarized quark and gluon This documentis organisedas follows. In the
distributionsq(x) andg(x) wassupplementedby next section we summarisethe theoretical input
polarizeddistributions z~q(x)and z~g(x). necessaryto taken into accountpolarizedDIS in

the LEPTO scheme.Section 3 contains a basic
Generationof a deepinelastic event requires descriptionof the code togetherwith a descrip-

the knowledgeof the cross-section,which in turn tion of the useraccessibleflagswhich canbe used
contains input from polarized parton distribu- to generateeventsfor a given polarization, and
tions z~q(x)and z~g(x),in additionto the unpo- given parton distribution. Finally, section 4 con-
larized q(x) and g(x), seesection 2.1. Unfortu- tainssimple exampleswhich show how to imple-
nately, contrary to the unpolarizedcase [9], a ment PEPSI routineswithin a mainprogram.
completesurveyof availablepolarizedpartondis-
tributions does not exists. For conveniencewe
havesuppliedPEPSI with threedifferent sets of 2. Cross-sectionevaluation
polarized parton distributions based on refs.
[10,11], but the structureof the code allows to
easily implementotherdistributionsas well. 2.1. Hard cross-sections

Subsequent fragmentation of partons into
hadronsis performedwith the help of the stand- In this sectionwe presenta summaryof all the
ardJETSET6.3 routines[5], which do notdistin- formulaeused to generateprobabilitiesof various
guish betweenvarious initial and final polariza- types of events:-y * + q —‘ q, -y * + q —~ q + g, and
tion states.Therefore in the present form the ~ + q —~ q + ~, seefigs. la—ic, respectively.As
codecan be safelyusedonly to predictthe final- explained above, our program is based on the
state distribution of spinless particles. In this standardLEPTO 4.3 code[4], andwe follow the
case,dueto the parity-invariance,the fragmenta- notation usedthere.The detaileddescriptionof
tion functionsshouldnot dependon polarization the kinematics,as well as formulae for unpolar-
of the initial parton. ized scatteringcanbefound in ref. [12]. In partic-

a) ~-~g

Fig. 1. Tree level diagramswhich contributeto virtual photon—targetscatteringto a
5). Direct ~ +q —~q scattering(a), gluon

bremstrahlung(b), andgamma—gluonfusion (c).
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ular, in thefollowing we will use scalingvariables The -y * + q —s q + g process, fig. ib, gives the
x, y, z~and xi., definedas contribution

P~q p.p d ~~O),lig.1h

X=
2p.q~ Yp1~ ~ X0~,, 2~

(1)

Zq2+Xp2 1
respectively.P, q, and 1 denotethe target,virtual x +2(Xp+Zq)I, (6)
photon,andinitial lepton four-momenta,and ~ is [(1 _x~)(1— zq) j
the fraction of the targetmomentumcarriedby
the initial parton. d ~ lb

In the QCD improved parton model the
cross-sectionfor the polarizeddeepinelasticscat- ~ 1 (1 _Y)XpZq

teringcanbewritten asthe convolution ® of the = 3~Y\/(1 _x~)(1_zq) (1 _Xp_Zq).

parton densities with elementary cross-sections
for the processesdepictedin figures ia—ic: Finally, the -y * + g —s q + ~ process,fig. ic, gives

dex~~®d~~+A~~®d ~,. (2) d ~~O)Ic=~y(2_y)

as (1~Zq zq \
~9’(x) and z~.9’(x)denotegenericunpolarizedand X _—(2x~— 1)1 +

4~ \ Zq l~ZqJ
polarizedparton, quark and gluon, distributions;
A = ±1 for antiparallel (1’ .1..) and parallel (t ~) (7)
orientationof targetandbeampolarizations.

In the virtual photon—nucleoncenter-of-mass a
frame the elementarycross-sectionswill in gen- d ~ Ic = S~~~~P(1 — 2Zq).Zq) z
eral dependon the azimuthalangle / between
the incoming lepton and the producedparton
[12]. It is therefore useful to split both do-n and 2.2. Polarizedparton distributions
d into

Unpolarized and polarized parton distribu-
= d~°

1+ cos ~ ~ + cos 2~~ (3) tions ~(x) and ~~(x) dependon the probabil-

ity densities to find a parton polarized parallel
and ~ or antiparallel(.9~)to the polarizationof

the target:
d ~ = d r~0)+ cos cj~d ~cy

1~’~. (4)

~(x) ~~~(x) +~(x),
Formulae for the unpolarized part of the ~9~() ~.9’~(x) —.~(x). (8)

cross-section,do~,were derived in ref. [12]. The
polarizedcross-sections,listed below, canbe cal- A probabilistic interpretationof the individual
culated using standardFeynmandiagrams,see partondensities.9’÷(x)and.9’(x) requiresthat
also ref. [13]. The contribution arising from the the “unitarity condition” is fulfilled
direct ~y*~quarkscattering,fig. la, is given by

(9)
d ~~O),fig la = ~y(2 —y) ~(1 —xv) ~(1 —zq), Equation (9) has in general to be taken into

d ~~3t).fig.1a = account in the processof determinationthe po-
larized parton distributions from experimental

(5) data.Carehasto be takenthat eq.(9) is satisfied
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for all relevantvaluesof Q2, otherwisethe code and W on a “grid” which can be chosenby the
will producewrong results, user.At the time of generationa linear interpola-

Like in LEPTO 4.3, the structureof the pro- tion is madebetweenthe points of the grid to
gram allows the userto accesseasilythat part of obtain the probabilitiesfor anyvalueof x andW.
the codewhich determinesthe parton distribu- Thesevaluesare subsequentlyusedby the event
tions and to modify them. For convenience,we administration subroutine LEPTO to decide
included in PEPSI threedifferentchoicesfor the whether a -y” + q — q + g (qg) or -y’1’ + g —s

polarizedpartondistributions: (qqb) event is to be generatedrather then the
• The parton distributions introducedin ref. leading -y * + q —s q (q) event.

[iO] do not assumeany seapolarization and re- Modifications have beencarriedout through-
producethe observedasymmetryAf(x) with the out thewhole code, in particular:
help of a dilution factor applied to the valence (1) in the routine LEPTOX, which evaluatesthe
quark distributions. These distributions are total q eventprobability;
independentand are basedon the parametriza- (2) inside DQCD which evaluatesthe first-order
tion of theunpolarizedpartondistributions,which QCD matrix elements;
arealso included. (3) inside DSIGMA which providesthe differen-

• Among various parton distributions dis- tial cross-sectionfor theseprocesses;in these
cussedin ref. [ii] we havechosentwo sets:one routines the polarized partsof the cross-see-
assumingi~G(x)= 0 and large sea polarization tions, seesection 2.1, havebeenadded;
(set i), and one correspondingto maximal gluon (4) in LQGEV and LQQBEV, which generate
polarization(set2) with an only weakly polarized the qg and qqb events, modifications have
sea. In the polarized parton distributions the beendone in the part which determinesthe
valueof Q2 is fixed at 4 GeV2. For the unpolar- azimuthalangleof the final-statequark;
ized partondistributionsthe standardQ2 depen- (5) similarly to LEPTO’s function XQ (I, X, Q2),
dent parametrizationof Glück, Hoffmann, and which providesthe unpolarizedpartondistri-
Reya is used[14]. The unitarity condition (9) is bution, a new one,XDQ (I, X, 02) hasbeen
checkedexplicitly and,if violated,is takencareof addedto provide the polarized quark distri-
by replacingthe polarizeddistributionsby unpo- bution for a parton of flavour I at a given
larized ones, valueof x and Q2

(6) finally, a specialcheckingprocedurehasbeen
added at the initialisation stage in routine

3. Structure of the program LINIT to make sure that the polarization
flags of the read-in file correspondto those

PEPSI has preservedunchangedthe original specifiedby the userin the currentrun.
structureof LEPTO 4.3 as describedin Ref. [4].
It is a “slave” system, i.e., it consistsof callable 3.1. Defining thepolarizationstate
routines only, therefore,the usermust supply a
main program. PEPSI requiresJETSET6.3 for The polarizationstate is defined through the
the generationof the final hadronicstate.In the flag LST(40) which mustbe suppliedby the user
following we assumethe user is familar with the within the commonblock LEPTOU:
LUND programfamily, especiallyLEPTO 4.3 [4].
Herewejust recall that the correspondingproba- COMMON /LEPTOU/CUT( i4) ,LST(40),
bilities for the first-orderQCD processes(gluon PARL(30),X,Y,W2,Q2,U
radiation from the struck quark and gamma—
gluon fusion) haveto be evaluatedduring initial- • If the event is of the type ~ .~, where the
ization by a call to the subroutineLWEITS. Re- arrows indicate the relative polarization of
suits are stored on logical I/O unit 20. The beamandtarget, onehasto set LST(40)= 1
probabilitiesare thenavailableas a function of x ~
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• The state in which both targetand beamare 5. Resultsof the test run
polarized in the same direction (t 1) is se-

As a testwe haveperformedthe simulationof
lectedby settingLST(40) = — 1 ~1, the event asymmetry Ar(x) for lepton—proton

• The unpolarizedcase(A = 0, defaultvalue)can
scattering.We generateda sampleof 106 eventsbe accessedby settingLST(40) = 0. for eachpolarizationandassumedthe kinematics

andgeometricalacceptanceof the detectorof the
The typical experimentalsituationrequiresthe

measurementof differencesbetweenthe antipar- proposedHERMES experimentat HERA [81.The acceptancecorrectionswere added at the
allel case (1 .~)and the parallel one (~t). For

stageof the event analyses.The Monte Carlo
such an application at least two separateruns,
onewith LST(40)= +1, the other with LsT(40) asymmetryA~C is definedas
= —1, are requireddueto the “fixed” structure I dN/dx 11 — dN/dx II

of eventandQCD matrix elementsgeneration.A A~(x) = PBPTD(x) dN/dx ~ + dN/dx 11

third run, correspondingto unpolarizedscatter- (10)
ing, can be performed if the targetand/or the
beamdepolarizationeffectshaveto be taken into where P8 and ~T are the beamandtargetpolar-
account.The results from the various runs have izations,and D(x) is the virtual photondepolar-
then to be merged together according to the ization factor [6]. In figs. 2 and3 the Monte Carlo
effectivedegreeof polarization, datafor A~C are comparedwith the exacttheo-

retical result ATH,

2 xg~(x)
3.2. Selectingthepolarizedparton distributions ATH (x) =

F2(x)(1 +R(x))

~ e7 ~q1(x)
The user must selectone of the implemented j.~uds

polarized quark momentum distributions by = ~ e~q,(x) ‘

meansof the flag LST(15)(default value is set to i = u,tj,s
2),
• LST(15)= 1, ref. [ii], set 1 (~G(x)=0), ,_. 1.2 ~

• LST(15)= 2, ref. [ii], set 2,
• LST(15)= 3, ref. [10], MC errors
throughthe usualcommonblock /LEPTOU/. 1

The functionsfor the polarizeddistributionsin
analogyto the unpolarizedonesare called XDf 0.8

own polarized distributions following the same 0.6(X, 02) where f (U, UB, D, ...) denotestheflavour. The usercan easily implementhis or herscheme.

04 A/
4. Sampleprogram 0.2 Schaefer

At the end of this paper we give a simple 0~ 05 0.6 0.7 0.8
exampleof how to use PEPSI for simulations.

x
The program evaluates the first-order QCD

Fig. 2. Comparisonof A~Cextractedfrom Monte Carlo data
weightsand storesthem on external file. At mi- with ATH definedby eq. (11). Thepolarizedparton distribu-
tialization thesex and Q

2 distributions are pro- tionsof ref. [10] have been used.Error barscorrespondto the

ducedwith standardHBOOK routines, estimatedMonteCarloaccuracy.
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EXAMPLE PROGRAM

C... Example program to generate events with PEPSI for
C.. .electron—proton polarized electromagnetic interaction
C.. .at HERMESenergies 135 GeV e— on fixed p target).
C...
C.. .This program has to be linked to PEPSI, JETSET63 and CERN
C.. .libraries.
C...

PP,RN’IETER )NHB=400i0)
COMMON/PAWC/ HDUMMY(NHB)
COMMON /LEPTOU/ Ctrr)14),L.ST(40),PARL)30),X,Y,w2,Q2,u
CO?’240N /LU3ETS/ N,K(2000,2),P(2000,5)
EXTERNAL LEPTOD,LUDATA

C... Kinematical cuts
* Xmincut

CUT)l)=0.02
* Xmaxcut

CUTt2)=0.8i
* Ymincut

CUT)3)=0.

* Ymaxcut
CUT(4)=0.85

* Q2 mm cut
CUT)5)=l.

* Q2 max cut
CUT 1 6 1 =20

* W2min
CU’r(7)=4.

* W2max
Ctrr)8)=500.

* numin
CUT)91=0.

* numax
CUT) 10 )=30.

* theta mm
CTJT(13)=0.i40

* theta max
CUT( 14 (=0 . 300

C... Number of event to be listed
It.IS=3

C... Beam Energy 1GeV)
EBEAM=35.

C... Target (hydrogen)
P)BL)l)=l.

C... Select antiparallel polarization state
LST(40)=l

C... Select polarized distributions from Set 3
L.STI15)=3

C... Keep exchanged virtual boson in the event record
LST) 31=1

C... x, y from cross section, apply cuts
L.ST)21=1

C... Generate the file with weights on logic unit 20
C... (once this file exists the user can skip this ~,art;
C... WARNING: one file per each polarization state is required)

CALL t,WEITS(7,0. ,0. ,EBEAI4,0. ,0. ,0. ,l)
REWIND)2i)

C... Initialization routine. Reads QCDweights from logic unit 20
CALL LINIT(20)

C... Print out probabilities for q, qg, gqb events
CM.L. LPRWTS)7,0. ,O. ,35. ,0. ,0. ,0. ,l,3)
WRITE)6,*)~Give N. of events’
READ)5,*) NEVENT

C... Histogram booking
CALL HLIMIT)NHB)
CALL HBOOK1)l0,’x Distribution: (l,/NEV)*dN/dx’,lOO,O.,l.,O.)
CALL HBOOK1(20,’Q2 Distribution: (l/NEV)*dN/dQ2’ ,25,0. ,25.,O.)

C... Event generation
DO 100 11,NEVENT

10 CALL L.EFrO)7,0. ,0.,35.,0.,0.,0.,l)
C... Generation failed, reject event

IFILST(21).NE.0) GOTO 10
C... Lund record listing

IFtI.LE.ILIS)CALL LULIST(l)
C... Histogram filling

CALL HFILL(l0,X,0. 1.)
CALL HFIL.L(20,Q2,0.,l.)

100 CONTINUE

C... Normalise and print histograms
CALL HOPERA(l0,’+’,lO,lO,lOO./l./MAX(l,NEVENT),O.)
CALL HOPERA)20,’+’,20,20,25./25./MAX)l,NEVENT),0.>
CALL HISTDO

END
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TEST RUN OUTPUT

INTEGRATION OF QCD MATRIX ELEMENTSTO GIVE PROBABILITIES FOR FIRST ORDER QCD PROCESSES,

I.E. OLUON BREMSSTRAHLUNGAND VECTOR BOSON-GLUONFUSION, IN DEEP INELASTIC LEPTON-NUCLEOt’ SCATTERING.

LEPTON TYPE : 7 LEPTON MOMENTUM)PX,PY,PZ) : 0.0 0.0 35.0 GEV/C

TARGET NUCLEUS A = 1.0 Z = 1.0 NUCLEONMOMENTUM(PX,PY,PZ) : 0.0 0.0 0.0 0EV/C

INTERACTION TYPE : 1

POLARIZATION STATE : 1

STRUCTUREFUNCTION SET : 3

MAXIMUMN 8.1

NO. OF FLAVOURS IN TARGET NUCLEONSEA, LST(12) = 3

QCD-LA11BDA USED IN Q**2 EVOLUTION OF STRUCTUREFUNCTIONS, PARL(8) = 0.400

HEAVIEST FLAVOUR THAT CAN BE PRODUCEDIN BOSON-GLUONFUSION. LST(13) = 4

PARAMETERVALUES FOR CUTS ON MATRIX ELEMENTS: PARL)11) = 1.000 PARL)12) = 0.050

PARAMETERSFOR ALPHA-STRONG (NOTE THAT ALPHA-S IS NOT INCLUDED WHENWRITING RESULTS ON FILE)

MAXIMUM NO, OF FLAVOURS, LST)9) = 4 QCD-LAMBDA. PARL)10) = 0.300

REQUIRED PRECISION IN INTEGRATION, PARL(13) = 0.01000

GRID CHOSEN BY THE PROGRAM:

A. N SCALE: NO. OF POINTS, NWW= 15 W-VALUES IN ARRAY MW:

3.0 4.5 6.0 7.0 8.0 9.0 10,0 11.0 12.0 13.0 15.0 17.5 20.0

B. X SCALE: NO. OF POINTS. NXX 15 X-VALUES IN ARRAY XX:

0.0100 0,0200 0.0300 0.0400 0.0600 0.0800 0.1000 0.1250 0,1500 0.2000 0.3000 0.4500 0.6000

PROBABILITIES FOR DIFFERENT EVENT TYPES AS A FUNCTION OF WAND X.

(ASSUMING THE SPECIFIED LEPTON ENERGY SO THAT Y IS DEFINED.)

N X “y~’ Q**2 ALPHA-S SIGTOT 0-EVENT QG-EVENT 00—EVENT MAX. OF MATRIX ELEMENTS FOR QG

3.0 0,010 0,125 0.1 0.368 0.3121 1.0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.OOE+00 C

3.0 0.020 0,126 0.2 0.368 0.3195 1.0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.00E+00 C

3.0 0.030 0.127 0.3 0,368 0,3216 1.0000 0.0000 0,0000 0.OOE+00 0.OOE+00 0.OOE+00

3.0 0.040 0.129 0.3 0,368 0.3215 1.0000 0,0000 0,0000 0.OOE+00 0.OOE-+-00 0.OOE+00

3.0 0.060 0.132 0.5 0,368 0.3190 1.0000 0,0000 0,0000 0.OOE+00 0.DOE+00 0.OOE+00

3.0 0.080 0.134 0,7 0.368 0.3153 1,0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.OOE+00

3.0 0,100 0.137 0.9 0,368 0.3112 1.0000 0.0000 0.0000 0.OQE+00 0.OOE+00 0.006+00

3.0 0.125 0.141 1.2 0.368 0.3056 1.0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.OOE+00

3.0 0.150 0.145 1.4 0.368 0.2991 1.0000 0,0000 0.0000 0,00E+00 0.OOE+00 0.00E4-00

3.0 0.200 0.155 2.0 0.368 0,2829 1.0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.OOE+00

3.0 0.300 0,177 3.5 0,368 0.2372 1.0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.OOE+00

3.0 0.450 0.225 6.6 0.325 0.1529 1.0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.OOE+00

3.0 0.600 0.309 12.2 0,307 0.0764 1.0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.OOE+00 C

3.0 0.750 0.494 24.4 0.269 0.0247 1.0000 0.0000 0,0000 0.006+00 0.006+00 0.OOE+00

3.0 0.990 12.362 803.8 0.166 0.0000 1.0000 0.0000 0,0000 0.OOE+00 0.OOE+00 0.OOE+00 C

4.5 0.010 0.298 0.2 0.368 0.2666 1.0000 0.0000 0,0000 0.OOE+00 0.OOE+00 0.OOE+00

4.5 0.020 0,301 0.4 0.368 0.2743 1.0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.OOE+00 C

4.5 0.030 0.304 0.6 0.368 0.2770 1.0000 0.0000 0.0000 0,00E+00 0.006+00 0.OOE+00 C

4.5 0.040 0,307 0,8 0.368 0,2776 1.0000 0.0000 0.0000 O.00E4-0O 0.OOE+0I 0.OOE+00

4.5 0.060 0,314 1.2 0.368 0.2764 1.0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.00E+00 C

4.5 0.080 0,321 1.7 0.368 0.2740 1.0000 0.0000 0,0000 0.OOE+00 0.OOE+00 0.OOE+00 C

4.5 0.100 0.328 2.2 0.368 0.2712 1,0000 0,0000 0,0000 0.OOEi-00 0.OOE+00 0.OOE+00 C
4.5 0.125 0,337 2.8 0.368 0.2674 1.0000 0.0000 0.0000 0.OOE+00 0.OOE+00 0.006+00 C
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4.5 0.150 0.347 3.4 0.368 0.2631 1.0000 0.0000 0.0000 0,006+00 D.OOE+O0 0.OOE+I0 C

4.5 0.200 0.369 4.8 0.350 0.2518 1.0000 0.0000 0.0000 0.OOE+00 0.00E+00 0.006+00 C

4.5 0.300 0.421 8.3 0.309 0.2173 1.0000 0.0000 0.0000 0,006+00 0.OOE+00 0,006+00 C

4.5 0.450 0.536 15.8 0.292 0.1460 1.0000 0.0000 0.0000 O.OOE+00 0.006+00 0.006+00 C

4.5 0.600 0,737 29.1 0.261 0.0752 1.0000 0.0000 0.0000 0.006+00 0.OOE+00 0.DOE+00 C

4,5 0.750 1.180 58.1 0.233 0.0246 1.0000 0.0000 0.0000 0,00E+OO 0.006+00 ‘O.OIE+OO C

6.0 0.010 0.540 0.4 0.368 0.2198 0.9953 0.0000 0.0047 0.006+00 0.OOE+0D 0.OOE+00 C

6.0 0.020 0.546 0.7 0.368 0,2280 0.9941 0.0000 0.0059 0.OOE+00 0.OOE+00 0.IOE+I0 C

6.0 0.030 0.551 1.1 0.368 0.2315 0.9949 0.0002 0.0050 O.44E—01 0.126—03 0.326—02 C

6.0 0.040 0.557 1.5 0.368 0.2330 0.9929 0.0000 0.0071 0.OOE+00 0.OOE+I0 0.OOE+00 C

6.0 0.060 0.569 2.2 0.368 0.2335 0.9944 0.0000 0.0056 0.006+00 0.006+00 0.IOE+00 C

6.0 0.080 0.581 3.1 0.368 0.2329 0.9945 0.0000 0.0055 0.OOE+00 0.006+00 0.006+00 1

6.0 0.100 0,594 3.9 0.368 0.2319 0.9934 0.0000 0.0066 0.OIE+O0 I.OOE+D0 I.OOE+00 C

6.3 0.125 0.611 5.0 0.347 0.2305 0.9961 0.0002 0.0037 0.43E—I1 0.476—03 0.1IE—I1 C

6.0 0.150 0.629 6.2 0.330 0.2288 0.9967 3.0003 0.0033 0.OOE+00 0.OOE+00 0.OOE+00 C

6.0 0.200 0.668 8.8 0.305 0.2234 0,9974 0,0000 0.0026 0.OOE+00 D.OOE+00 0.OOE+I0 C

6.0 0.330 1.764 15.1 0.295 0,2010 0.9989 0.0000 0.0011 0.OOE+00 0.006+00 0.006+00 C

6.0 0.450 0.972 28.7 0.262 0.1423 0.9994 0.0001 0.0004 0.176—01 0.36E—03 0.13E—01 C

6.0 0.600 1.337 52.7 0.237 0.0753 0.9998 0.0000 0.0002 0.IOE+00 0.006+00 0.006+00 C

7.0 0.010 0.740 0.5 0.368 0.1958 0.9808 0.0000 0.0192 0,00E+00 0.006+00 0.006+00 C

7.0 0.020 0,748 1.0 0.368 0.2045 0.9800 0,0019 0.0181 0.746—01 0.18E—02 0.21E—01 C

7.0 0.030 0,755 1.5 0.368 0.2087 0.9784 0.0012 0.0204 0.476—01 0.146—02 0.166—01 C

7.0 0.040 0.763 2.0 0.368 0.2109 0.9777 0.0003 0.0220 0.306—01 0.42E—03 0.516—02 C
7.0 0.060 0.779 3.1 0.368 0.2129 0.9800 0.0000 0.0200 0,00E+00 0.IOE+00 0.OOE+00 C

7.0 0.080 0.796 4.2 0.361 0.2136 0.9785 0.0036 0.0179 0.906—01 0.766—32 0.31E—01 C

7.0 0.100 0.814 5.3 0.342 0.2141 0.9819 0.0023 0.0158 0.65E—01 I.65E—02 0.286—01 C

7.0 0.125 0.837 6.9 0.322 0.2146 0.9809 0.0054 0.0137 0.13E+00 0.236—01 0.72E—01 C

7.0 0.150 0.862 8.5 0.307 0.2147 0.9870 0.0022 0.0107 Q.81E—01 0.12E—01 0.40E—01 C

7.0 0.200 0.916 12.0 0.308 0,2133 0.9868 0.0067 0.0066 0.13E+OD 0.27E—01 0.86E—01 C

7.0 0.300 1.047 20.6 0.277 0.1979 0.9946 0.0025 0.0028 0.54E—01 0.966—02 0.396—Il C

8.0 0.013 0.971 0.6 0.368 0.1847 0.9719 3.0063 0.0218 0,17E+00 I.40E—02 0.466—01 C

8.0 0.020 0,981 1.3 0.368 0.1941 0.9717 0.0038 0.0245 0.896—01 0.31E—02 0.436—31 C

8.0 0.030 0.991 2.0 0.368 0.1991 0.9739 0.0012 0.0249 0.476—01 0.14E—02 3.16E—01 C

9.0 0.310 1.232 0.8 0.368 0.1936 0.9730 0.0082 0.0188 0.22E+00 0.566—02 0.97E—01 C

PROCESS. I.E. LST)23) = 1 HAS MAXIMUM “CROSS SECTION, SIGMAX 0.3216

POLARIZED QUARK DIS. FROM SCHAEFERPARAM.

SUMMARYOF 000 MATRIX ELEMENT INTEGRATION

PROBABILITIES FOR DIFFERENT EVENT TYPES AS A FUNCTION OF W AND X.

(ASSUMING THE SPECIFIED LEPTON ENERGYSO THAT Y IS DEFINED.)

K X “Y” Q**2 ALPHA-S SIGTOT 0-EVENT 00-EVENT QQ-EVENT

3.0 0.010 0.125 0.1 0.368 0.3121 1.0000 1.0000 0.0003

3.0 0.043 0.129 0.3 0.368 0.3215 1.0000 0.0000 3.0000

3.0 0.100 0.137 0.9 0.368 0.3112 1.0000 0.0000 0.0000

3.0 0.201 0.155 2.0 0.368 0.2829 1.0000 0.0000 0.0000

3.0 0.600 0.309 12.2 0.307 0.0764 1.0000 0.0000 0.0000
7.0 0.010 0.740 0.5 0.368 0.1958 0.9808 0.0000 0.0192

7.0 0.010 0.763 2.0 0,368 0.2109 0.9777 0.0003 0.0220
7,0 0.100 0.814 5.3 0.342 0.2141 0.9819 0.0023 0.0158

7.0 0.200 0.916 12.0 0.308 0.2133 0.9868 0.0067 0.0066
7.0 0.600 1.832 72.2 0.226 0.0770 1.0000 0.0000 0.0000

10.0 0.010 1.524 1.0 0.368 0.2303 1.0000 0.0000 0.0000

Give N. of events
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THE LUND MONTE CARLO - JETSET VERSION 6.3
LAST DATE OF CHANGE: 10 FEBRUARY 1987

EVENT LISTING

I ORI PART/JET PX PY PZ E M

I E — H 0.101 0.000 35.000 35.000 0.001
2 0 P + B 0.001 0.000 0.000 0.938 0.938

3 I DAMN V —0.035 0.634 26.632 26.608 1.297
4 I 6 — 0.035 —0.634 8,368 8.392 0.001
5 0 U JETF —0.197 0.651 26.835 26.846 0.325

6 I OU OJETE 0.162 —0.017 —0.203 0.700 0.650

7 6 P + 0.334 0.177 0.219 1.035 0,938
8 6 RHOB— 0 —0.355 —0.303 8.995 9.040 0.771

9 6 PlO D —0.069 0.819 17.035 17.055 0.135

10 5 P1 + 1.155 —0.060 0.383 0.416 1.140

11 8 P1 B— 0.209 —0.055 1.970 1.987 0.140
12 8 PlO 0 —1.565 —0.248 7.025 7.053 1.135
13 9 GAMN 0.025 0.413 7.835 7.846 0.000

14 9 GAMM —0.094 0.417 9.201 9.209 0.000

15 12 GAMM —0.216 —0.122 2.182 2.192 1.001

16 12 GAME —0.359 —0.226 4.843 4.861 0.000

SUM: 0.000 1.110 0.000 35.000 35.938 8.159

EVENT LISTING

I ORI PART/JET PX PlC PZ E M

1 0 5 — B 0.000 0.000 35.000 35.000 0.001
2 0 P + B 0.000 0.000 1.100 0.938 1.938

3 0 DAMN V —1.178 0.996 11.197 11.147 1.870

4 0 E — 1.178 —0.996 23.803 23.853 0.001

5 0 D JETF —1.135 1.204 11.272 11.397 0,325

8 0 ICU 1JETF —0.043 —0.207 —0.075 0.688 0.650
7 6 ETA’ 0 0.005 0.225 1.635 1.908 0,958

8 6 DELT+ 0 —0.606 0.070 4.312 4.525 1.231

9 5 RHO B— 0 0.168 0.017 1.563 1.751 0.771
10 6 RHO + D —0.745 0.685 3.687 3.901 0.771
11 7 P1 + 0.004 —0.022 0.042 1.148 0.140

12 7 P1 B— 0.007 —0.016 0.289 0.322 0.140

13 7 ETA 0 —0.006 0.263 1.304 1.439 0.549

14 8 N 0 —0,410 0.005 3.982 4.111 0.940

15 8 P0 + —0.196 0,065 0.330 0.414 0.140

16 9 Fl B— 0.003 0.357 0.674 0.776 0.140

17 9 PlO 0 0.166 —0.340 0.888 0.975 0.135

18 10 P1 + —0.764 0.430 1,992 2.181 0.140

19 10 PlO D 0,019 0.255 1.695 1.720 0.135

20 13 PlO 0 0,004 0.189 0.305 0.383 0.135

21 13 PlO 0 0.020 —0,046 0.590 0.607 0.135
22 13 PlO 0 —0.031 0.120 0.409 0.448 0.135

23 17 GAME 0,124 —0.112 0.316 0.357 0.000
24 17 GANM 0.042 —0.228 0.573 0.618 0.000

25 19 GAME 0.036 0.253 1.668 1.688 0.000
26 19 GAME —0.017 0.001 0.027 0.032 0.000

27 20 GANM 0.043 0.189 0.248 0.315 0.000

28 20 GAME —0.038 0.000 0,057 0.069 0.000

29 21 GAME 0.070 —0,017 0.188 0.201 0.000

30 21 GAME —0.049 —0.029 0,402 0.406 0.000

31 22 GAMM 0.012 0.057 0.341 0.346 0.000

32 22 DAMN —0.043 0.063 0.068 0.102 0.000

SUM: 0.000 0,000 0.000 35.000 35.938 8.159
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EVENT LISTING

I ORI PART/JET PX PY P1 5 M

1 I E — B 0.000 0.000 35.000 35.000 D.001

2 I P + B 0.000 0.000 0.000 1.938 0.938

3 I GAME V —1.032 0.222 13.811 13.785 1.356

4 0 5 — 1.032 —0.222 21.189 21.215 1.011

5 I U JEIF —1,166 0.066 13.970 14.023 0.325

6 0 DO OJETF 0.135 0.157 —0.159 0.700 0.650

7 5 DMEG o —0.527 —0.182 5.176 5.265 0.783

8 5 RHO + D 0.132 —1.061 2.723 2.834 0.771

9 5 PlO 0 —0.157 0.182 1.024 1.060 0.135

10 5 PlO 0 —0.495 0.432 4.478 4.528 0.135

11 6 N 0 0.015 —0.149 0.410 1.036 0.941
12 7 Fl + —0,193 —0.075 2.572 2.584 0.140

13 7 P0 B— —0.329 —0.067 0.903 0.974 0.140

14 7 PlO 0 —0.005 —0.040 1.701 1.707 0.135

15 8 Fl + —0.063 —0.313 2.025 2.055 1.140

16 8 PlO 0 0.195 0.252 0.698 0.780 0.135

17 9 GAME —0.007 0.096 0.486 0.495 0.000

18 9 GAME —0.150 0.086 0.538 0.565 0.100

19 10 GAMM —0.314 0.355 3.175 3.210 C.DDO

20 10 GAMM —0,182 0.077 1.304 1.318 0.000

21 14 GAME —0.056 —0.020 0.374 0.379 0.000

22 14 GAME 0.051 —0.020 1.327 1.328 0.000

23 16 GAME 0.186 0.266 0.624 0.704 I.ODO

24 16 GAME 0.008 —0.014 0.074 0.076 1.000

SUM: 0.000 0.000 0.000 35.000 35.938 8.159

HBOOK HBOOK CERN VERSION 4.10 HISTOGRAMAND PLOT INDEX

NO TITLE ID B/C ENTRIES DIM NCHA LOWER UPPER

1 x Distribution: (1/NEV)*dN/dx 10 32 20000 1 X 100 0.000E+OO I.lOlEfOl

2 02 Distribution: (1/REV) *dN/d02 20 32 20000 1 X 25 I.000E+10 0.250E+I2

MEMORYUTILISATION

MAXIMUMTOTAL SIZE OF COMMON/PAWC/ 40000
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x Distribution: (1/NEV)*dN/dx

H000K ID = 10 DATE 18/02/92 NO =

8.6 —

8.4 I

8.2 I

8 1

7.8 I

7.6 I

7.4 I

7.2 I—

7 II

6.8 II

6.6 —II

6.4 I I

6.2 I I

6 II

5.8 I I

5.6 I I—

5.4 I I—

5.2 I I

5 I I

4.8 I I

4.6 I I—

4.4 I I

4.2 I I

4 I I——

3.8 I I

3.6 I I—

3.4 I I—

3.2 I I—

3 I I—

2.8 I I—

2.6 I I —

2.4 I I—I

2.2 I I——

2 I I—— —

1.8 I I—I

1.6 I I———

1.4 I I——

1.2 I I

1 I I—I —

.8 I I——I =

.6 I I—I—— — —

.4 1 I—I—I

.2 I I———I

CHANNELS 100 0

10 0 1 2 3 4 5 6 7 8

1 12345678901234567890123456789012345678901234567890123456769012345679901234567990123456789C

CONTENTS 1. 687554333332222221111111111111 1

0 0055052498521863501896845533 1111807785655344432222112201O10100000000000000000000000000000C

0 I0178659321357B4O345539405518834588968454760815827510191536062143241112012020001000000000C

LOW—EDGE 1. l111111111222222222233333333334444444444555555555566666666667777777777888888888)
* 10 ** 1 0 01234567890123456789012345678901234567890123456789012345678 9012345 67890 1234567890123456781

* ENTRIES = 20000 * ALL CHANNELS= IC.1000E+O3 * UNDERFLOW= 0,00006+00 * OVERFLOW C

* BIN KID = O,1000E—Ol * MEAN VALUE D.1528E+00 * N - M . S = 0.1229E+OI
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Q2 Distribution: (1/NEV)*dN/dQ2

HBOOK ID = 20 DATE 18/02/92 NO = 2

4,3 —

4.2 I
4.1 I
4 I
3.9 I
3.8 I
3.7 I
3.6 I
3.5 I
3.4 I

3.3 I
3.2 I
3.1 I
3 I
2.9 I
2.8 I—
2.7 II
2.6 II
2.5 II
2.4 II
2.3 II
2.2 II
2.1 II
2 II
1.9 II
1.8 II
1.7 II
1.6 II
1.5 II
1.4 II
1.3 11-
1.2 I I
1.1 I I
1 II

.9 I I

.8 I I

.7 I I—

.6 I I

.5 I I

.4 I I—

.3 I I—

.2 I I——

.1 I I

CHANNELS 10 0 1 2
1 1234567890123456789012345

CONTENTS 1. 421
*10*5 1 0 0272632110000000000000000

0 0842360417444212100000000
0 0800093146890100385500000

LOW—E~E 10 111111111122222
1. 123456789012345678901234

* ENTRIES = 20000 * ALL CHANNELS = 0.1000E+01 * UNDERFLSDW = 0.0000E+00 * OVERFLOW= 0.
* BIN WID = 0.1000E+01 * MEANVALUE = 0.2934E4-01 * R . M . S = 0.2226E+01


